A novel norneolignan glycoside (1), categorized as an unusual 7-noraryl-4′,7-epoxy-8,5′-neolignan glycoside, four new phenolic glycosides (2-5), and a known neolignan glycoside (6) have been isolated from the ethanolic extract of the stems of Viburnum fordiae Hance. Dried stems of V. fordiae were extracted with 95% ethanol, and the concentrated extract was portioned successively with petroleum ether, ethyl acetate and n-butanol. The n-butanol portion was subjected to the macroporous resin HPD-100, silica gel, octadecyl SiO 2 , MCI gel and Sephadex LH-20 columns to obtain six compounds. Their structures including absolute configurations were determined by spectroscopic data [ 1 H and 13 C nuclear magnetic resonance (NMR), total correlation spectroscopy (TOCSY), heteronuclear single quantum coherence (HSQC), heteronuclear multiple-bond correlation (HMBC) and optical rotatory dispersion (ORD)] and chemical methods.
Introduction
Some trees, including their stems and branches, have been considered to be a rich source of bioactive secondary metabolites. Lignans and phenolics, as the more abundant constituents, have attracted increasing attention due to their health-promoting effects and diverse biological activities including antihyperglycemic, anti-inflammatory, antioxidant, antitumor, antimicrobial and neuroprotective properties (Willför et al. 2003 (Willför et al. , 2004a Iwai et al. 2006; Gao et al. 2008; Donoso-Fierro et al. 2009; Liimatainen et al. 2012; Smeds et al. 2012; Si et al. 2013; In et al. 2014; Latva-Mäenpää et al. 2014; Si et al. 2016 Si et al. , 2017 . These constituents have been reported in the chemical investigations on Viburnum (Adoxaceae) plants (Zhu et al. 2006; In et al. 2015) . It is remarkable that a novel phenolic glycoside, exhibiting potent antioxidant activity, has been isolated from the leaves of Viburnum fordiae Hance (Wu et al. 2008) .
Viburnum fordiae, a small deciduous tree that can grow up to 5 m, is widely distributed in the south of China. It is a highly ornamental tree because of its spherical crown, dense branches and leaves, showy white tufted flowers and crimson drupe-type fruits. The fruits can be either eaten raw or used for making wine in China (Wang 2009; Wu et al. 2012; Yang 2016) . The roots and leaves, as well-known traditional Chinese medicine, are for the treatment of rheumatic arthralgia and allergic dermatitis (Zhonghuabencao Editorial Board 1999) . Also, we know that the stems are employed to cure acute toothache in folk medicine (Cai et al. 2004 ). Due to the lack of relevant reports on their biologically or pharmacologically active substances, V. fordiae has not been explored commercially in the healthcare, food and drug development fields. Therefore, the aim of the present study was to investigate the chemical constituents from the stems of V. fordiae. The isolation and structural elucidation of a novel norneolignan glycoside (1), categorized as an unusual 7-noraryl-4′,7-epoxy-8,5′-neolignan glycoside (Zhuang et al. 2014) , four new phenolic glycosides (2-5) and a known neolignan glycoside (6), which was found for the first time in Viburnum, will be described.
Materials and methods
General experimental procedures: Optical rotation data were obtained on a SGW-2 automatic polarimeter (Shanghai INESA Physico Optical Instrument Co., Ltd., Shanghai, China). Infrared (IR) spectroscopy (KBr disk method) was carried out on a Varian Cary 610/670 Fourier transform infrared (FTIR) microspectrometer (Varian, Palo Alto, CA, USA). Ultraviolet (UV) spectra were recorded on a Varian Cary 5000 UV-Vis-NIR spectrophotometer (Varian, Palo Alto, CA, USA). Nuclear magnetic resonance (NMR) spectra were performed on a Bruker AVANCE-600 spectrometer (Bruker, Rheinstetten, Germany) with tetramethylsilane (TMS) as an internal standard at 600 MHz for 1 H NMR and 150 MHz for 13 C NMR. High-resolution electrospray ionization mass spectra (HRESIMS) were obtained by electrospray ionization (ESI) on a Bruker MaXis ultra-high resolution (UHR) time of flight (TOF) apparatus (Bruker, Bremen, Germany). Thin-layer chromatography (TLC) was carried out on silica gel plates (Qingdao Haiyang Chemical Co., Ltd., Qingdao, China). Column chromatography (CC) was performed on silica gel (200-300 mesh; Qingdao Marine Chemical Factory, Qingdao, China), macroporous resin (HPD-100, Hebei Bonherb Technology Company, Hebei, China), MCI gel (CHP20P, 75-150 μm; Mitsubishi Chemical Industries, Ltd., Tokyo, Japan), Sephadex LH-20 (40-70 μm; GE Healthcare Biosciences AB, Uppsala, Sweden) and ODS-A-HG (50 μm; YMC, Kyoto, Japan). High performance liquid chromatography (HPLC) separation was performed on an LC3000 instrument (Beijing Chuangxintongheng Science and Technology Co., Ltd, Beijing, China) with an Alltima (250 × 10 mm, YMC, Kyoto, Japan) preparative column packed with C18 (5 μm). All analytical grade solvents were produced by Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). 
Extraction and isolation:
The extraction and fractionation procedures are described in Figure 1 . Air-dried and finely pulverized stems of V. fordiae Hance (22.9 kg) were extracted with EtOH (95% v/v) three times, 2 h for each. The filtrated and concentrated (in vacuo) extract was dissolved in water and then successively partitioned with petroleum ether, ethylacetate and n-butanol to yield four main fractions. The n-butanol fraction (711.0 g) was subjected to the macroporous resin HPD-100 column to obtain two corresponding portions with a successive elution using H 2 O and 95% EtOH. The portion (474.2 g) eluted by 95% EtOH was then applied to silica gel CC (ø 12 × 100 cm), eluting with a gradient of CHCl 3 -MeOH (100:0→100:3→100:8→100:12 →100:20→100:35→100:50, v/v, 30 l of each), to give seven fractions (F 1 -F 7 ).
Fraction F 4 (17.4 g) was chromatographed over silica gel (ø 4.2 × 55 cm) and eluted with CHCl 3 -MeOH (20:1→15:1→10:1→5:1→1:1, v/v, 2.5 l of each). The eluted solutions were monitored by TLC and integrated as three fractions (F 4-1 -F 4-3 ). 3354, 1707, 1596, 1514, 1426, 1284, 1222, 1071, 1027, 878, 764 3372, 1708, 1597, 1515, 1427, 1286, 1222, 1072, 1028, 876, 764 The assignments were based on TOCSY, HSQC, HMBC and distortionless enhancement by polarization transfer (DEPT) experiments.
Results and discussion
A novel norneolignan glycoside (1), four new phenolic glycosides (2-5) and a known neolignan glycoside (6) were isolated from the ethanolic extract of the stems of V. fordiae Hance shown in Figure 2 . The chemical structures of previously undescribed compounds were determined by spectroscopic data [ 1 H and 13 C NMR, total correlation spectroscopy (TOCSY), heteronuclear single quantum coherence (HSQC), heteronuclear multiple-bond correlation (HMBC) and optical rotatory dispersion (ORD)] and chemical methods. The known neolignan glycoside, found for the first time in Viburnum, was determined as dehydrodiconiferyl alcohol 9′-O-β-d-glucopyranoside (6) by comparing spectroscopic data with those reported in the literature (Jiang et al. 2001 ). In previous biological and pharmaceutical investigations, compound 6 exhibited anti-inflammatory and antinociceptive potential (Tatli et al. 2008 (Figure 3 ). In the HMBC spectrum of 1, the correlations from H-7 (δ H 7.94) to C-4′ (δ C 143.5), C-5′ (δ C 128.7), C-8 (δ C 117.7), and C-9 (δ C 60.2), from H-6′ (δ H 7.31) to C-8 (δ C 117.7), from H-9 (δ H 4.87, 4.66) to C-5′ (δ C 128.7), C-7 (δ C 144.2) and C-8 (δ C 117.7), and taking into consideration of the chemical shifts of C-7 (δ C 144.2) and C-4′ (δ C 143.5), suggested that C-7 was connected to C-4′ via an oxygen bridge, thus furnishing a benzofuran skeleton in 1. The 1 H NMR spectrum of 1 showed two anomeric protons at δ H 4.67 (1H, br.s) and 4.29 (1H, d, J = 7.8 Hz), corresponding to δ C 101.0 and 101.8. An HMBC correlation between the anomeric proton H-1″′ (δ H 4.67) and C-6″ (δ C 67.2) identified a rhamnosyl (1→6) glucopyranosyl linkage. The glucopyranosyl unit was elucidated as β-configuration by the relatively large coupling constant (J = 7.8 Hz) of the anomeric proton (Hudson and Dale 1917) . The α-configuration of the rhamnopyranosyl moiety was deduced by the chemical shifts of C-3″′ at δ C 70.5 and C-5″′ at δ C 68.3 (Kasai et al. 1979 ). d-Glucose and l-rhamnose, derivatized to acetylated aldononitriles before determined by gas chromatography-mass spectrometry (GC-MS) analysis, were yielded through acid hydrolysis of 1 (Fu et al. 2010) . The C-9 location of the sugar chain in the aglycone was elucidated by the HMBC correlation of the anomeric proton H-1″ (δ H 4.29) of the glucopyranosyl unit with C-9 (δ C 60.2). Accordingly, the structure of 1 was established as (7′E)-9′-hydroxy-3′-methoxy-7-noraryl-4′,7-epoxy-8,5′-
Compound 2, white amorphous powder, was assigned to a molecular formula d, J = 4.8 Hz), 3.44 (1H, m), 3.31 (1H, m) and 3.15 (1H, dd, J = 11.0, 6.4 Hz)] was determined according to the TOCSY experiment (Figure 3 ). In the HMBC spectrum of 2, long-range correlations from H-7 (δ H 4.42) to C-1 (δ C 137.4), C-2 (δ C 111.3), C-6 (δ C 118.5), C-8 (δ C 75.8), and C-9 (δ C 62.6), from H-2″ (δ H 7.42) to C-3″ (δ C 147.5) and C-7″ (δ C 165.5), from H-6″ (δ H 7.47) to C-4″ (δ C 151.9) and C-7″ (δ C 165.5), as well as from methoxy protons at δ H 3.73 and δ H 3.80 to C-3 (δ C 148.3) and C-3″ (δ C 147.5), respectively, confirmed the presence of a guaiacylglycerol unit and a vanilloyl residue. The chemical shift of glucosyl C-6′ (δ C 63.8) indicated that the vanilloyl residue was located at C-6′ in 2. This was supported by the observed cross-peaks between H-6′ (δ H 4.57, 4.14) and C-7″ (δ C 165.5) in the HMBC spectrum. The HMBC correlation between the anomeric proton H-1′ (δ H 4.93) and C-4 (δ C 145.2) was interpreted that β-d-glucosyl group is linked at C-4. According to the literature (Lin et al. 2007; Kim et al. 2009) (Ishikawa et al. 2002) , the absolute configuration at C-7 and C-8 of 2a was assigned to 7R,8R. Thus, the structure of 2 was determined as (7R,8R)-guaiacylglycerol 4-O-β-d-(6-O-vanilloyl) glucopyranoside.
Compounds 3 (Tables 2 and 3) , completely identical to those of 2, indicates that they are isomers of 2. However, 2, 3 and 4 were separated by preparative HPLC with retention times of 59.9, 53.7 and 51.8 min, respectively, under the same chromatographic conditions. Acid hydrolysis of 3 and 4 yielded β-d-glucose, vanillic acid and aglycones (3a and 4a, respectively). The positive optical rotation (Figure 3 ). In the HMBC spectrum of 5, the correlations were observed between H-8 (δ H 6.24) and C-1 (δ C 131.1), H-7 (δ H 6.44) and C-1(δ C 131.1), C-2 (δ C 109.8) and C-6 (δ C 118.8), and the methoxy proton (δ H 3.76) and C-3 (δ C 148.9), indicating the presence of a coniferyl alcohol residue in 5. Meanwhile, the HMBC cross-peaks from H-2″ (δ H 7.46) 
Conclusions
The stems extractives of V. fordiae Hance were for the first time fractionated and analyzed, from which a novel norneolignan glycoside (1), four new phenolic glycosides (2-5), and a known neolignan glycoside (6) Compound 6 was obtained from the genus Viburnum for the first time.
